Summary Four established human breast tumour cell lines with different biologic properties were selected for study and requirements for their clonogenic growth in semisolid cultures were identified. The conventional conditions were modified by factors that enhanced colony formation of 3 or more of these cell lines. The modified culture conditions were then applied to the growth in agar of primary breast tumours. A 5-fold improvement in plating efficiency was observed when cultures of 105 primary tumours grown under these modified conditions were compared to those of 52 tumours grown earlier under conventional conditions, and a 4-fold improvement resulted from the addition of hormones and conditioned medidum in 26 tumours cultured simultaneously under both conditions. The biologic relevance of these clonogens recovered in vitro was substantiated by a 70% concordance of in vitro and in vivo tumour sensitivity to anticancer drugs.
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The clonogenic growth of primary human tumours is a field of interest for the study of tumour biology and of inherent tumour sensitivity to anticancer drugs. Breast tumour cultures are of particular interest because of the common occurrence of this tumour and because of its frequent hormone dependence. However, not all primary breast tumours form colonies in semisolid cultures, and the number of colonies of those that do is often small (VonHoff et al., 1981; Sikic & Taber, 1981; Sandbach et al., 1982) . In vitro growth of breast tumours is also limited in other culture systems (Courtney & Mills, 1978) . Small proportions of clonogenic tumour cells of primary neoplasms or deficient culture conditions are possible causes for failure.
We investigated the effect on colony formation of nutrients by modifying the culture conditions for breast tumours (Todaro, 1980; Sirbasku, 1978 (Soehnlen, 1980 (Soule et al., 1973; Cailleau & Reeves, 1975 In vitro cultures of established tumour cells Double-layer semisolid cultures were used-as described previously, with the exception that a-MEM was used as culture medium and no DEAEdextran was added (Bradley et al., 1966; Hamburger & Salmon, 1977a; Hug et al., 1983 Step 2
Effects of alternate solidifying agents compared to agar: Agarose:
Step 3 Effects of alternate sera compared to foetal bovine serum: Horse serum (HS): Swine serum:
Step 4 Effect of additional conditioned medium (CM):
Step hydrocortisone, 1 7-f1-oestradiol and epidermal growth factor are shown in Figure 1 . The ratio of colonies formed under hormone-enriched and hormone-depleted conditions was used to determine the effects that resulted from the addition to the cultures of graded concentrations of these hormones. Comparison of the effect of all 4 hormones combined at the concentrations used for subsequent cultures with that of increasing concentrations of HS is illustrated in Figure 2 . While the combination of hormones enhanced colony formation of all 4 cell lines, the concentration of HS necessary to improve the plating efficiency of line MDA-468 inhibited the growth of the remaining cell lines. The culture conditions derived from this series of experiments are summarized in Table III . Their use improved the plating efficiencies of the established tumour cells by a factor greater than 3 (Table I) . These conditions were then applied to the cultures of 105 primary human breast tumours. Most cells was less than 20% for tumours that formed more than 20 colonies. The observed growth of these 105 tumours is summarized in Table IV and is compared with that of 52 tumours that had been cultured previously under conventional conditions. The culture modifications resulted in a growth improvement factor of 5. Correlations of these in vitro cultures with oestrogen receptors of the tumours and with patient survival have been reported elsewhere (Hug et al., 1984b) . In addition to these 105 tumours, 26 tumours were simultaneously cultured under presence and absence of hormones and CM. The characteristics of their single cell suspension were similar to those of the previously cultured tumours. The hormone and CM-containing conditions improved the medium plating efficiency of these tumours four-fold. Sensitivity determinations were performed on all cultures for a variety of anticancer drugs, and the results of these have been reported separately (Hug et al., 1984a, & submitted) . By applying the commonly used criterion of 30 or more colonies for a workable assay, twice as many tests became evaluable as a consequence of these culture modifications (Table IV) . Certainly, our culture modifications led to an only modest improvement of the clonogenic growth of both established and primary tumour cells. However, we did not intend to optimize culture conditions for primary breast tumours. We merely tested the feasibility and validity of an alternate approach to improve culture conditions for primary tumours using breast tumours as an example. To assess the biologic relevance of these in vitro recovered clonogens, we also determined their inherent sensitivities to anticancer drugs. A concordance of in vivo and in vitro findings of 70% (Hug et al., 1984a) indicates that, in fact, a meaningful relationship does exist between stem cells and clonogenic cells of primary tumours.
We conclude that deficient culture conditions are a contributary cause of the low plating efficiency of primary tumours and that these deficiencies can in part be identified by defining the growth requirements of established tumour cell lines of the same tumour type.
